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PECULIARITIES OF ALTERATIONS IN THE MYOCARDIAL STRUCTURE AND FUNCTION
IN PATIENTS WITH ACUTE MYOCARDIAL INFARCTION AND TYPE 2 DIABETES
TAKING INTO ACCOUNT FABP 4 AND CTRP 3

©M. Yu. Koteliukh
Kharkiv National Medical University

SUMMARY. The study of inflammatory and anti-inflammatory processes of combined acute myocardial infarction
(AMI) with type 2 diabetes mellitus (DM) is an urgent problem of modern medicine.

The aim - to determine the relationship between the fatty acid binding protein 4 (FABP 4), C1g/Tumor necrosis fac-
tor related protein 3 (CTRP 3) and echocardiographic parameters in patients with AMI in the presence of type 2 DM.

Material and Methods. The study involved examination of 134 patients with AMI. The first group consisted of
60 atients with AMI and the second group comprised 74 patients with AMI and type 2 DM. The control group included
20 healthy individuals. The content of FABP 4 and CTRP 3 was determined by enzyme-linked immunosorbent assay.

Results. Group 1 patients were shown to have a relationship between FABP 4 and end-diastolic size (EDS) (r=-0.458,
p<0.01), end-systolic size (ESS) (r=-0.460, p<0.01), end-diastolic volume (EDV) (r=-0.452, p<0.01), left atrium (r=-0.487,
p<0.01), left ventricular myocardial mass (LVMM) (r=-0.411, p<0.01), VMM index (r=-0.419, p<0.01) and between CTRP 3
and EDS (r=0.469, p<0.01), EDV (r=0.425, p<0.01), stroke volume (r=0.407, p<0.05), the relative thickness of the poste-
rior wall of the LV (RPWLVT) (r=-0.469, p<0.01). Group 2 patients were found to have a relationship between FABP 4 and
ESS (r=-0.452, p<0.01), end-systolic volume (r=-0.482, p<0.01), LVMM (r=-0.424), p<0.01), LVMMI (r=-0.464, p<0.01),
LV ejection fraction (EF) (r=0.402, p<0.01) and between CTRP 3 and EDS (r=0.402, p<0.01), EDV (r=0.424, p<0.01), LV EF

(r=-0.465, p<0.05).

Conclusion. In Groups 1 and 2, echocardiographic parameters had reliably low inverse correlations with FABP 4 and
low direct correlations with CTRP 3, except for RPWLVT and EF.
KEY WORDS: adipokines; echocardiographic indicators; myocardial infarction; diabetes.

Introduction. Diabetes mellitus (DM) is regard-
ed as a trigger for cardiovascular disease (CVD).
Sivolap V.D., Mikhailovskaya N.S. [1] found that DM
significantly affects the structural and functional re-
organization of the heart after myocardial infarc-
tion, which was confirmed by the relationship be-
tween carbohydrate metabolism and cardiohemody-
namic parameters. According to Kravchun P.P. [2],
type 2 DM is a potentiator of left ventricular (LV)
myocardial remodeling in patients with myocardial
infarction. Protein that binds fatty acids 4 (FABP 4)
and C1q/TNF-related protein 3 (CTRP 3) are adipo-
kines which affect carbohydrate and lipid metabo-
lism and are associated with inflammatory processes
in the development and course of CVD [3; 4].

FABP4 is mostly expressed in adipose tissue and
macrophages. One of the mechanisms is inflamma-
tory signaling pathways: kinase/nuclear factor kB
complex (IKK-B/NF-kB) and c-Jun N-terminal protein
kinase 1 (JNK1) [5]. These inflammatory signaling
pathways are responsible for phosphorylating seri-
ne and threonine in substrate proteins by inhibiting
signal transduction to insulin receptors. Increased
release and transfer of NF-kB to the nucleus stimu-
lates the expression of genes encoding proteins.
They are involved in the development of insulin re-
sistance. Dysfunction or loss of insulin receptors and
inability to use glucose for cellular metabolism leads
to hyperglycemia. IKK-B/NF-kB and JNK1 pathways

may be activated by Toll-like receptors (TLRs), recep-
tors of advanced glycation end products (RAGE) or
by a non-receptor mechanism. It was determined
that systolic and diastolic LV function is reduced in
subjects with high serum FABP4 concentrations [6].

The effect of CTRP3 on glucose lowering is due
to activation of the Akt signaling pathway and due to
inhibition of hepatic gluconeogenic gene expression
[7]. According to Ma Z.G. et al. [8], CTRP3 production
occurs in the heart and CTRP3 is regulated through
signaling pathways: Akt, AMPK, NF-kB. CTRP3 im-
pairs abnormal myocardial reconstruction after AMI
resulting from inhibition of myocardial fibrosis and
improves survival and regeneration of ischemic car-
diomyocytes [9]. However, the effect of FABP4 and
CTRP3 on the myocardial structure and function in
subjects with acute myocardial infarction (AMI) and
type 2 DM remains insufficiently studied today.

The aim of the study was to assess the association
between FABP4, CTRP3 and LV myocardial echocar
diographicindices in patients with AMI and type 2 DM.

Materials and Methods. The study involved exa-
mination of 134 subjects with ST-segment elevation
myocardial infarction (STEMI): 74 with DM and 60
without DM. The control group consisted of 20
healthy individuals. The study was performed be-
tween 01 September 2018 and 31 December 2020.
The diagnosis of STEMI was established on the basis
of clinical, instrumental and laboratory data, accord-
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ing to the criteria proposed by the consensus of the
European Society of Cardiology [10]. Type 2 DM was
diagnosed and treated in compliance with the re-
quirements of the American Diabetes Association
and the European Association for the Study of Diabe-
tes (2018, 2019) [11, 12]. Stenting of the affected
coronary artery was performed in all the cases follo-
wed by medication, namely anticoagulant, acetylsali-
cylic acid, ticagrelor or clopidogrel, high dose of sta-
tin, nitrates, B-blocker (depending on heart rate), and
angiotensin-converting enzyme inhibitor (for blood
pressure correction), spironolactone or eplerenone
(relative to the ejection fraction).

The inclusion criteria were patients with STEMI
in the presence and absence of type 2 DM.

Exclusion criteria were type 1 DM, NSTEMI, Covid
19, autoimmune diseases, pituitary and hypothalamic
diseases, thyroid disease, symptomatic hypertension,
valvular heart disease, chronic heart failure IV FC to
myocardial infarction, chronic obstructive pulmonary
disease, chronic obstructive pulmonary disease, liver
and kidney dysfunction, severe anemia, cancer.

The Ethics Commission of Kharkiv National Medi-
cal University (Minutes No.2 of 02 April 2018) ap-
proved the design of the study. All patients who par-
ticipated in the study reviewed and signed a volun-
tary informed consent to participate in the study.

Within 1-2 days of observation the patients un-
derwent serum collection and echocardiographic exa-
mination. Each part of the research was conducted in
the biochemical department of the Central Research
Laboratory of Kharkiv National Medical University of
the Ministry of Health of Ukraine. Determination of
FABP 4 and CTRP3 concentrations in patients' sera
was performed by enzyme-linked immunosorbent as-
say using Human FABP 4 reagents from Elabscience
Biotechnology, USA and Human CTRP 3 from Aviscera
Bioscience Inc, Santa Clara, USA according to the kit
instructions. Troponin | in blood serum was deter-
mined by enzyme-linked immunosorbent assay using
“Troponin |” reagent manufactured by “Hema"”, Rus-
sia. Reference ranges were <0.05 ng/ml for men and
women.

Doppler echocardiographic examination was per-
formed according to the generally accepted method
on Radmir ULTIMA Pro30ultrasound scanner. End-dia-
stolic size (EDS), end-systolic size (ESS) of the LV, inter-
ventricular septal thickness (IVST), aortic size, size of
the left atrium (LA), and posterior wall of the left ven-
tricle (PWLVT) in diastole were determined. LV myocar-
dial mass (LVMM), LVMM index (LVMMI=LVMM/body
surface area (m2)) was calculated. LVH was estab-
lished at an LVMMI value over 110 g/m2 for women
and over 125 g/m2 for men. The study also involved
calculation of the relative wall thickness (RWT) of the
LV (RWT LV=(PWLVT+IVST)/EDSLV)) and LVMMI as

well as determination of LV remodeling type. Concen-
tric remodeling of the left ventricle was identified in
RPWLVT=0.45 and normal LVMMI [13, 14].

Statistical data were processed by licensed soft-
ware package “IBM SPPS Statistics 27.0” (IBM Inc.,
USA). The hypothesis about the normality of the dis-
tribution of the studied indicators was tested using
the Shapiro-Wilk test. Quantitative characteristics
were presented as Mzm (arithmetic meanzstandard
arithmetic mean error). Nominal variables were ex-
pressed as number and percentage. Paired compari-
son was performed using t test. y? test was employed
to compare nominal variables. Evaluation of the sig-
nificance of the difference between the means of
multiple comparisons for quantitative characteris-
tics was performed with Bonferroni correction by
one-way analysis of variance (ANOVA). Pearson cor-
relation coefficient (r) was used to assess the rela-
tionships of the parameters. The difference was con-
sidered significant at p<0.05.

Results. 8.33 % of women and 91.67 % of men
were consisted Group 1. The mean age of Group 1
was 58.42+1.07 years. 31.08 % women and 68.92 %
men were included Group 2. The mean age of Group
2 was 59.4210.89 years. 40 % women and 60 % men
were consisted Control group. The mean age of Con-
trol group was 54.7+1.92 years.

Table 1 shows the echocardiographic parameters
in the study groups. Assessment of structural-geo-
metric and functional parameters of the heart re-
vealed that Group 2 patients underwent dilation the
left heart chambers, which was confirmed by an in-
crease in LV EDV by 41.37 % (p<0.001), LV EDS by
13.68 % (p<0.001), LV ESV by 2.98 (p<0.001), LV ESS by
50 % (p<0.001), LVMMI by 2.04 (p<0.001). At the same
time SV decreased by 6.84 % (p<0.001), LV EF by
20.24 % (p<0.001), which indicates a violation of the
pumping and contractile function of the left ventricle.

Patients with type 2 DM, as compared with pa-
tients without type 2 DM, had significantly higher LV
ESV by 23.05 % (p=0.007), LA size by 14.79 %
(p<0.001), LVMM by 16.81 % (p=0.007). EDS, EDV,
ESS of the LV tended to increase and LV EF to de-
crease, but without statistical reliability (p<0.05).

The contents of markers of adipokine metabo-
lism are given in Table 2. FABP 4 and CTRP 3 values in
the groups are shown in Table 3. Patients with AMI in
the absence of type 2 DM (Group 1) and the presence
of type 2 DM (Group 2) were found to have anincrease
in FABP 4 by 1.94 and 2.1 in comparison with the con-
trol group. FABP 4 levels were not significantly differ-
ent between Groups 1 and 2 (p>0.05). A probable de-
crease in the concentration of CTRP 3 by 30.65 % in
Group 2 compared with the control group (p<0.001)
was determined. In Group 2 there was a decrease in
CTRP 3 by 16.98 % compared with Group 1 (p<0.001).
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Table 1. Echocardiographic indicators

Inr(:]lgzgrr,eu;:et;tof Group 1 Group 2 Control group Prol:zla);mllty

EDS, cm 4.90+0.06 5.07%0.07 4.4610.06 2 3
>0.05 0.004
- <0.001

ESS, cm 3.5840.08 3.7810.09 2.5210.07 2 3
>0.05 <0.001
- <0.001

EDV, ml 117.843.42 129.35+4.24 91.54£2.93 2 3
>0.05 0.003
<0.001

ESV, ml 53.92+2.59 66.3513.22 22.25+1.81 2 3
0.007 <0.001
- <0.001

SV, ml 64.03%£1.88 64.511£2.42 69.2513.67 2 3
>0.05 >0.05
- >0.05

EF, % 53.90+1.17 50.45+1.14 63.25+2.63 2 3
>0.05 <0.001
- <0.001

IVST, cm 1.16%0.03 1.24+0.02 0.85+0.02 2 3
>0.05 <0.001
- <0.001

PWLVT, cm 1.17£0.03 1.25£0.02 0.78+0.02 2 3
>0.05 <0.001
- <0.001

LA, cm 3.38+0.07 3.8810.08 3.2910.02 2 3
<0,001 >0.05
0.001

Aorta, cm 3.11+0.06 3.19+0.05 3.24+0.05 2 3
>0.05 >0.05
- >0.05

LVMM, g 264.61+9.65 309.10+11.31 130.6116.77 2 3
0.007 <0.001
- <0.001

LVMMI, g/m? 144.36+5.14 151.56+5.43 74.21+£3.73 2 3
>0.05 <0.001
- <0.001

RPWLVT 0.48+0.01 0.49+0.009 0.37+0.01 2 3
>0.05 <0.001
- <0.001

Hypokinesia 48 (80) 62 (83.78) - p>0.05
Akinesia 12 (20) 12 (16.22) - p>0.05
Table 2.Indicators of adipokine metabolism: FABP 4 and CTRP
Indmlccezlézrr'eugletstﬁ Group 1 Group 2 Control group p

FABP 4, ng / ml 9.760.27 10.53+0.23 5.02+0.43 2 3
>0.05 <0.001
- <0.001

CTRP 3,ng/ml 272.3117.36 226.0616.06 325.97+9.44 2 3
<0.001 <0.001
- <0.001
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Table 3. Correlations between echocardiographic indicators and adipokines in patients with AMI with type 2 DM

Indicator 1 2 3 4 5 6 7 8 9
FABP-4 1 -0.471%* -0.073 -0.452%* -0.173 -0.482** 0.193 0.402** -0.180
CTRP-3 1 0.402%** 0.199 0.424%** 0.150 -0.018 -0.465* 0.064
EDS 1 0.572%** 0.864** 0.561** 0.679** -0.130 0.151
ESS 1 0.802** 0.816** 0.253* -0.538** 0.131
EDV 1 0.734%** 0.684** -0.249* 0.129
ESV 1 0.120 -0.570** 0.077
Y 1 0.345** 0.083
EF 1 -0.039
IVST 1
PWLVT
LA
Aorta
LVMM
LVMMI
RPWLVT

Continuation of table 3

Indicator 10 11 12 13 14 15
FABP-4 -0.118 -0.131 -0.027 -0.424%* -0.464** 0.245*
CTRP-3 -0.006 0.115 -0.165 -0.041 -0.095 0.066
EDS 0.250 0.117 0.185 0.494** 0.469** -0.245%
ESS 0.249* 0.143 0.108 0.333** 0.320%** -0.035
EDV 0.243* 0.152 0.188 0.422%** 0.395** -0.167
ESV 0.240* 0.197 0.165 0.386** 0.307** -0.134
SV 0.129 0.046 0.073 0.240* 0.266* -0.148
EF -0.041 -0.084 -0.059 -0.066 -0.048 -0.007
IVST 0.613** 0.215 0.238* 0.653** 0.636** 0.603**
PWLVT 1 0.323** 0.433** 0.745%* 0.694** 0.610**
LA 1 0.214 0.388* 0.307** 0.083
Aorta 1 0.419%* 0.305** 0.093
LVMM 1 0.934** 0.122
LVMMI 1 0.125
RPWLVT 1

Note: * - p<0.05, ** - p<0.01

Patients with AMI were shown to have a direct
association between troponin I and FABP 4 (r=0.457,
p=0.009) and reverse relationship with CTRP 3
(r=-0.415, p=0.008).

In patients with AMI, an inversely low relation-
ship was found between FABP 4, EDS (r=-0.458,
p<0.01), ESS (r=-0.460, p<0.01), EDV (r=-0.452,
p<0.01), LA (r=-0.487, p<0.01), LVMM (r=-0.411,
p<0.01), LVMMI (r=-0.419, p<0.01) and direct low cor-
relation between CTRP 3, EDS (r=0.469, p<0.01), EDV
(r=0.425, p<0.01), SV (r=0.407, p<0.05), RPWLVT
(r=-0.469, p<0.01).

In patients with AMI and type 2 DM, there was
an inversely low relationship between FABP 4, ESS,
ESV, LVMM, LVMMI, and a direct low relationship

24

with LV EF. A direct low correlation was found be-
tween CTRP 3, EDS, EDV and inversely low relation-
ship with LV EF (Table 3).

Results and Discussion. Obokata M. et al. [15]
found that FABP4 levels increase in patients with
AMI. According to Aleksandrova K. et al. [16] elevat-
ed levels of FABP4 may contribute to the risk of type
2 DM. Von Jeinsen B. et al. [17] noted a direct rela-
tionship between FABP4 content and troponin T. Ac-
cording to Zhang J. et al. [18] FABP4 is expressed in
cardiomyocytes, and its overexpression exacerbates
the hypertrophic response of the heart caused by
pressure overload. Harada T. et al. [19] noted in-
creased LVMMI and determined a direct relationship
between FABP4 concentration and LVMMI, LA size
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and LV stiffness. FABP4 deficiency has been shown
to improve LV function [20].

According to Yi W. et al. [21] the lowest level of
CTRP 3 was observed 3 days after the development
of AMI, although the beginning of the decrease in
CTRP 3 occurred as early as on day 1. The use of re-
combinant CTRP3 reduced the size and weight of the
myocardium and did not lead to increased dilatation
of the left heart cavities in AMI. Ma Z-G. et al. [8]
showed that CTRP3 content was reduced in the pre-
sence of DM. Excessive expression of CTRP3 in cardio-
myocytes reduced oxidative stress and inflammation,
thereby reducing myocyte death and improving car-
diac function. CTRP3 is able to activate AMP-activat-
ed protein kinase a and Akt protein kinase B.

According to our findings, patients with AMI and
type 2 DM were shown to have a tendency to increase
the concentration of FABP 4 and decrease the level of
CTRP 3. Moreover, patients with AMI in the absence
of type 2 DM, were shown to have an increase in the
content of FABP 4 and a decrease in CTRP 3 on days
1-2 of follow-up. A direct correlation between tropo-
nin | and FABP4 and an inverse relationship between
troponin I and CTRP 3 was found in all patients with
AMIL. In patients with AMI and type 2 DM, FABP4 and
CTRP 3 were associated with increased myocardial
mass, LV enlargement due to increased EDS, EDV, ESS,
ESV, LVMM, LVMMI, and worsening of LV myocardial
contractility with decreased LV EF. Thus, the imba-
lance of markers of adipokine metabolism enhanced

LITERATURE

1. Cwonan B. [l. Ocob6amBocTi nicnfiHdapKTHOro pe-
MO/JIe/ItOBaHHA cepua Yy XBopuX Ha Q-iHdapKT Miokapaa Ta
uykposuit giabet 2 Tuny / B. . CnBonaan, H. C. Munxannos-
CbKa // 3anopoXcKnin MeguuUMHCKNIN XXypHan. —2012. — N2 2
(71).- C. 56-59.

2. KpaBuyH I1. M. CTPYKTYPHO-DYHKLIOHAJIbHI 3MiHN
MioKap/a 3a yMOBW KOMOp6iAHOCTI nocTiHdapKTHOro Kap-
[iock1iepo3y Ta LyKpoBoro aiabety 2-ro tuny / M. M. Kpas-
4yH // JIbBIBCbKNIN KAiHIYHMIA BicHWK. — 2014, — N2 3 (7). -
C.13-16.

3. Autieri M. V. Adipose inflammation at the heart of
vascular disease / M. V. Autieri // Clinical science. - 2016. -
Vol. 130 (22).-P.2101-2104.

4. Association of C1q/TNF-Related Protein-3 (CTRP3)
and CTRP13 Serum Levels with Coronary Artery Disease in
Subjects with and without Type 2 Diabetes Mellitus / R. Fa-
daei, N. Moradi, M. Baratchian [et al.] // PloS One. - 2016. -
Vol. 11 (12). - P. e0168773.

5. Bergmann K. Diabetes as a complication of
adipose tissue dysfunction. Is there a role for potential
new biomarkers? / K. Bergmann, G. Sypniewska // Clinical
chemistry and laboratory medicine.-2013.-Vol. 51 (1).-
P.177-185.

aggravation of the myocardial structure and function
in subjects with AMI in the presence and absence of
comorbid pathology.

Conclusions. The tendency to increase the con-
tent of FABP 4 was observed in patients with AMI in
the presence and absence of comorbidity. Signifi-
cant probable decreases in CTRP 3 were found in pa-
tients with AMI and type 2 DM. Significant low nega-
tive correlation between FABP 4 and echocardio-
graphic parameters and low positive correlation
between CTRP 3 and echocardiographic parameters
were registered in patients with AMI and type 2 DM.

Prospects For Further research. We plan to
study markers of energy and adipokine metabolism
in patients with type 2 DM 3 months after myocar-
dial infarction.

Funding. This study is part of the research work
of Academician L. T. Malaya Department of Internal
Medicine No.2 and Clinical Immunology and Allergo-
logy of Kharkiv National Medical University “Ische-
mic heart disease in polymorbidity: patogenetic as-
pects of development, flowing, diagnostic and im-
provement of treatment” No. 0118U000929, valid
term 2017-2019 and “Prediction of the flowing, im-
provement of diagnosis and treatment of ischemic
heart disease and arterial hypertension in patients
with metabolic disorders” No. 0120U102025, valid
term 2020-2022.

Conflict of interest. The authors declare that
no conflicts exist.

6. Role of the fatty acid-binding protein 4 in heart fail-
ure and cardiovascular disease / R. Rodriguez-Calvo, J. Gi-
rona, J. M. Alegret [et al.] // Journal of Endocrinology. —
2017.-Vol. 233.-P. 173-184.

7. Plasma CTRP-3 concentrations in Chinese patients
with obesity and type Il diabetes negatively correlate with
insulin resistance / H. Qu, M. Deng, H. Wang [et al.] // Jour-
nal of clinical lipidology. — 2015. - Vol. 9 (3). — P. 289-294.

8. CTRP3 attenuates cardiac dysfunction, inflamma-
tion, oxidative stress and cell death in diabetic cardiomyo-
pathyinrats/Z.G.Ma, Y. P.Yuan, S. C. Xu [et al.] // Diabeto-
logia. — 2017. - Vol. 60 (6).— P. 1126-1137.

9. CTRP3 attenuates post-infarct cardiac fibrosis by
targeting Smad3 activation and inhibiting myofibroblast
differentiation / D. Wu, H. Lei, J-Y. Wang [et al.] // Journal of
Molecular Medicine.-2015.-Vol. 93 (12).-P. 1311-1325.

10. 2017 ESC Guidelines for the management of acute
myocardial infarction in patients presenting with ST-seg-
ment elevation: The Task Force for the management of
acute myocardial infarction in patients presenting with ST-
segment elevation of the European Society of Cardiology
(ESC) / B. Ibanez, S. James, S. Agewall [et al.] // European
heart journal.—2018.-Vol. 39 (2).- P. 119-177.

ISSN 1811-2471. 3006ymku KAniHi4HOI | ekcnepumeHmaabHoi MeduyuHu. 2021. N° 4 25



Oa2n1a0u iimepamypu, OpU2iHaIbHi 00CAiIONCeHHS, no2/1s0 Ha npobsiemMy, BUNAOOK 3 NPAKMUKU, KOPOMKI NOBIOOMJIEHHS

11.2019 ESC Guidelines on diabetes, pre-diabetes, and
cardiovascular diseases developed in collaboration with the
EASD: The task force for diabetes, pre-diabetes, and cardio-
vascular diseases of the European society of cardiology and
the European association for the study of diabetes (EASD) /
F. Cosentino, P.J.Grant, V. Aboyans [et al.] // Eur Heart J. -
2020.-Vol. 41 (2).- P. 255-323.

12. Management of hyperglycaemia in type 2 diabetes.
A consensus report by the American Diabetes Association
(ADA) and the European Association for the Study of Diabe-
tes (EASD) / M. J. Davies, D. A. D'Alessio, J. Fradkin [et al.] //
Diabetologia.—2018.-Vol. 61. - P. 2461-2498.

13. Standardization of adult transthoracic echocar-
diography reporting in agreement with recent chamber
quantification, diastolic function, and heart valve disease
recommendations: an expert consensus document of the
European Association of Cardiovascular Imaging / M. Gal-
derisi, B. Cosyns, T. Edvardsen [et al.] // European Heart
Journal - Cardiovascular Imaging. — 2017. — Vol. 18. -
P.1301-1310.

14. Recommendations for cardiac chamber quantifi-
cation by echocardiography in adults: an update from the
American Society of Echocardiography and the European
Association of Cardiovascular Imaging /R. M. Lang, L. P. Ba-
dano, V. Mor-Avi [et al.] // Journal of the American Society
of Echocardiography.—2015.-Vol. 28 (1).— P. 1-39.

15. Early increase in serum fatty acid binding protein
4 levels in patients with acute myocardial infarction /
M. Obokata, T. Iso, Y. Ohyama [et al.] // European heart

REFERENCES

1. Syvolap, V.D., Mykhailovska, N.S. (2012). Osobly-
vosti pisliainfarktnoho remodeliuvannia sertsia u khvorykh
na Q-infarkt miokarda ta tsukrovyi diabet 2 typu [Features
of postinfarction heart remodeling in patients with Q-myo-
cardial infarction and type 2 diabetes]. Zaporozhskyi medy-
tsynskyi zhurnal — Zaporozhye Medical Journal, 2(71), 56-59
[in Ukrainian].

2. Kravchun, P.P. (2014). Strukturno-funktsionalni
zminy miokarda za umovy komorbidnosti postinfarktnoho
kardiosklerozu ta tsukrovoho diabetu 2-ho typu [Structural
and functional changes of the myocardium under the condi-
tion of comorbidity of postinfarction cardiosclerosis and
type 2 diabetes mellitus]. Lvivskyi klinichnyi visnyk — Lviv Cli-
nical Bulletin, 3(7), 13-16 [in Ukrainian].

3. Autieri, M\V. (2016). Adipose inflammation at the
heart of vascular disease. Clinical Science (London, England:
1979), 130(22), 2101-2104. DOI: https://doi.org/10.1042/
CS20160628

4. Fadaei, R, Moradi, N., Baratchian, M., Aghajani, H.,
Malek, M., Fazaeli, A. A., & Fallah, S. (2016). Association of
C1qg/TNF-Related Protein-3 (CTRP3) and CTRP13 Serum Le-
vels with Coronary Artery Disease in Subjects with and with-
out Type 2 Diabetes Mellitus. PloS One, 11(12), e0168773.
DOI: https://doi.org/10.1371/journal.pone.0168773

5. Bergmann, K., & Sypniewska, G. (2013). Diabetes
as a complication of adipose tissue dysfunction. Is there

journal. Acute cardiovascular care. — 2018. — Vol. 7 (6). —
P. 561-569.

16. Fatty acid-binding protein 4 and risk of type 2 dia-
betes, myocardial infarction, and stroke: A prospective co-
hort study / K. Aleksandrova, D. Drogan, C. Weikert [et al.] //
The Journal of Clinical Endocrinology & Metabolism. —
2019.-Vol. 104 (12).- P. 5991-6002.

17. The adipokine fatty-acid binding protein 4 and car-
diac remodeling / B. von Jeinsen, L. Ritzen, J. Vietheer [et
al.] // Cardiovascular diabetology. — 2020. — Vol. 19 (1). -
P.117.

18. Cardiomyocyte overexpression of FABP4 aggra-
vates pressure overload-induced heart hypertrophy /
J. Zhang, C. Qiao, L. Chang [et al.] // PLoS ONE. - 2016. —
Vol. 11.-P. e0157372.

19. Pathophysiological role of fatty acid-binding pro-
tein 4 in Asian patients with heart failure and preserved
ejection fraction / T. Harada, H. Sunaga, H. Sorimachi [et
al.] // ESC heart failure. - 2020. - Vol. 7 (6). — P. 4256-4266.

20. Deficiency of adipocyte fatty-acid-binding pro-
tein alleviates myocardial ischaemia/reperfusion injury
and diabetes-induced cardiac dysfunction / M. Zhou,
Y. Bao, H. Li [et al.] // Clinical Science.-2015.-Vol. 129. -
P. 547-559.

21.C1g/tumor necrosis factor-related protein-3, a
newly identified adipokine, is a novel antiapoptotic, proan-
giogenic, and cardioprotective molecule in the ischemic
mouse heart /W. Yi, Y. Sun, Y. Yuan [et al.] // Circulation. —
2012.-Vol. 125 (25). - P. 3159-3169.

a role for potential new biomarkers?. Clinical Chemistry
and Laboratory Medicine, 51(1), 177-185. DOI: https://doi.
org/10.1515/cclm-2012-0490

6. Rodriguez-Calvo, R., Girona, J., Alegret, J.M., Bos-
quet, A, Ibarretxe, D., & Masana, L. (2017). Role of the fatty
acid-binding protein 4 in heart failure and cardiovascular
disease. The Journal of Endocrinology, 233(3), R173-R184.
DOI: https://doi.org/10.1530/JOE-17-0031

7. Qu, H., Deng, M., Wang, H., Wei, H., Liu, F., Wu,
J., & Deng, H. (2015). Plasma CTRP-3 concentrations in
Chinese patients with obesity and type Il diabetes nega-
tively correlate with insulin resistance. Journal of Clinical
Lipidology, 9(3), 289-294. DOI: https://doi.org/10.1016/j.
jacl.2015.03.006

8. Ma, Z.G,, Yuan, Y.P., Xu, S.C., Wei, W.Y., Xu, C.R,,
Zhang, X., ..., & Tang, Q.Z. (2017). CTRP3 attenuates cardi-
ac dysfunction, inflammation, oxidative stress and cell
death in diabetic cardiomyopathy in rats. Diabetolo-
gia, 60(6), 1126-1137. DOI: https://doi.org/10.1007/
s00125-017-4232-4

9. Wu, D, Lei, H., Wang, JY., Zhang, C.L., Feng, H.,
Fu, FY., ..., & Wu, L.L. (2015). CTRP3 attenuates post-in-
farct cardiac fibrosis by targeting Smad3 activation and
inhibiting myofibroblast differentiation. Journal of Mole-
cular Medicine (Berlin, Germany), 93(12), 1311-1325.
DOI: https://doi.org/10.1007/s00109-015-1309-8

26 ISSN 1811-2471. 3006ymku KaiHiYHOI i ekchnepuMeHmasibHOi MeduyuHu. 2021. N2 4



Ozn190u iimepamypu, OpU2iHaIbHi 00CAiOXCeHHS, No2/180 Ha npobsiemy, BUNAOOK 3 NPAKMUKU, KOPOMKI NOBIOOMJIEHHS

10. Ibanez, B., James, S., Agewall, S., Antunes, M.J,,
Bucciarelli-Ducci, C., Bueno, H., ..., & ESC Scientific Docu-
ment Group (2018). 2017 ESC Guidelines for the manage-
ment of acute myocardial infarction in patients presenting
with ST-segment elevation: The Task Force for the mana-
gement of acute myocardial infarction in patients present-
ing with ST-segment elevation of the European Society of
Cardiology (ESC). European Heart Journal, 39(2), 119-177.
DOI: https://doi.org/10.1093/eurheartj/ehx393

11. Cosentino, F.,, Grant, P.J., Aboyans, V., Bailey, C.J.,
Ceriello, A., Delgado, V., ..., & ESC Scientific Document
Group (2020). 2019 ESC Guidelines on diabetes, pre-diabe-
tes, and cardiovascular diseases developed in collaboration
with the EASD. European Heart Journal, 41(2), 255-323.
DOI: https://doi.org/10.1093/eurheartj/ehz486

12. Davies, M.J., D'Alessio, D.A., Fradkin, J., Ker-
nan, W.N., Mathieu, C., Mingrone, G, ..., & Buse, J.B. (2018).
Management of hyperglycaemia in type 2 diabetes, 2018. A
consensus report by the American Diabetes Association
(ADA) and the European Association for the Study of Diabe-
tes (EASD). Diabetologia, 61(12), 2461-2498. DOI: https://
doi.org/10.1007/s00125-018-4729-5

13. Galderisi, M., Cosyns, B., Edvardsen, T., Cardim, N.,
Delgado, V., Di Salvo, G, ..., & 2016-2018 EACVI Scientific
Documents Committee (2017). Standardization of adult
transthoracic echocardiography reporting in agreement
with recent chamber quantification, diastolic function,
and heart valve disease recommendations: an expert con-
sensus document of the European Association of Cardio-
vascular Imaging. European Heart Journal. Cardiovascular
Imaging, 18(12), 1301-1310. DOI: https://doi.org/10.1093/
ehjci/jex244

14. Lang, R.M., Badano, L.P., Mor-Avi, V., Afilalo, J.,
Armstrong, A., Ernande, L., ..., & Voigt, J.U. (2015). Recom-
mendations for cardiac chamber quantification by echo-
cardiography in adults: an update from the American Soci-
ety of Echocardiography and the European Association of
Cardiovascular Imaging. Journal of the American Society of
Echocardiography : Official Publication of the American So-
ciety of Echocardiography, 28(1), 1-39. DOI: https://doi.
org/10.1016/j.echo.2014.10.003

15. Obokata, M., Iso, T., Ohyama, Y., Sunaga, H., Kawa-
guchi, T., Matsui, H., ..., & Kurabayashi, M. (2018). Early in-
crease in serum fatty acid binding protein 4 levels in pa-
tients with acute myocardial infarction. European Heart
Journal. Acute Cardiovascular Care, 7(6), 561-569.
DOI: https://doi.org/10.1177/2048872616683635

16. Aleksandrova, K., Drogan, D., Weikert, C., Schul-
ze, M.B,, Fritsche, A., Boeing, H., & Pischon, T. (2019). Fatty
Acid-Binding Protein 4 and Risk of Type 2 Diabetes, Myo-
cardial Infarction, and Stroke: A Prospective Cohort
Study. The Journal of Clinical Endocrinology and Metabo-
lism, 104(12), 5991-6002. DOI: https://doi.org/10.1210/
j€.2019-00477

17. von Jeinsen, B., Ritzen, L., Vietheer, J., Unbe-
haun, C., Weferling, M., Liebetrau, C,, ..., &Keller, T. (2020).
The adipokine fatty-acid binding protein 4 and cardiac re-
modeling. Cardiovascular Diabetology, 19(1), 117.
DOI: https://doi.org/10.1186/s12933-020-01080-x

18. Zhang, J., Qiao, C,, Chang, L., Guo, Y., Fan, Y., Vil-
lacorta, L., ..., & Zhang, J. (2016). Cardiomyocyte Overex-
pression of FABP4 Aggravates Pressure Overload-Induced
Heart Hypertrophy. PloS One, 11(6), e0157372.
DOI: https://doi.org/10.1371/journal.pone.0157372

19. Harada, T., Sunaga, H., Sorimachi, H., Yoshida, K.,
Kato, T., Kurosawa, K., ..., & Obokata, M. (2020). Patho-
physiological role of fatty acid-binding protein 4 in Asian
patients with heart failure and preserved ejection frac-
tion. ESC Heart Failure, 7(6), 4256-4266. DOI: https://doi.
org/10.1002/ehf2.13071

20. Zhou, M., Bao, Y., Li, H., Pan, Y., Shu, L., Xia, Z., ...,
& Hoo, R.L. (2015). Deficiency of adipocyte fatty-acid-bind-
ing protein alleviates myocardial ischaemia/reperfusion
injury and diabetes-induced cardiac dysfunction. Clinical
Science (London, England: 1979), 129(7), 547-559.
DOI: https://doi.org/10.1042/CS20150073

21.Yi, W, Sun, Y, Yuan, Y., Lau, W.B., Zheng, Q.
Wwang, X, ..., & Ma, X.L. (2012). C1q/tumor necrosis factor-
related protein-3, a newly identified adipokine, is a novel an-
tiapoptotic, proangiogenic, and cardioprotective molecule in
the ischemic mouse heart. Circulation, 125(25), 3159-3169.
DOI: https://doi.org/10.1161/CIRCULATIONAHA.112.099937

OCOBJINBOCTI 3MIH CTPYKTYPU TA ®YHKLIT MIOKAPLA Y XBOPUX I3 FOCTPUM
IHOPAPKTOM MIOKAPAA TA LLYKPOBUM AIABETOM 2-I0 TUNY 3 YPAXYBAHHAM BMICTY
FABP 41CTRP 3

©M. 0. KoTenrox

Xapkiscbkull HayioHanbHUl MeduyHul yHisepcumem

PE3FOME. AKTya/ibHOIO Npo6/1eMOot0 Cy4acHO! MeAULMHN € BUBYEHHSA 3amnajibHMX i MpOoTM3anasbHUX MpOoLeciB
noegHaHoro nepebiry roctporo iHpapkTy Miokapaa (MM) i3 uykposum giabetom (LLA) 2-ro Tmny.

MeTa - B13HAYNTM B3aEMO3B'A30K MiX BiNIKOM, L0 3B'A3Ye XUPHI knciotn 4 (FABP 4), C1q / PakTopom HeKposy
NyXJIMHK acouinoBaHnM 6inkom 3 (CTRP 3) Ta exokapaiorpadiyHMMM NoKa3HMKaMM y nauieHTis i3 MM 3a HasBHoCTI L/

2-ro Tuny.

MaTepian i meToaun. O6cTexeHo 134 nauieHTu i3 MM. Mepuy rpyny cknaam 60 nauienTis 3 M, a gpyry rpyny —
74 nauieHTu i3 TIM Ta L 2-ro Tnny. KOHTpONbHY rpyny ckiaam 20 NpakTUYHO 340poBMX 0cib. BMict FABP 4 i CTRP 3

BM3HaYa N iMyHODEPMEHTHUM METOAOM.
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Pe3ynbTaTu. Y rpyni 1 BU3HA4YeHO B3aEMO3B'A30K MiX FABP 4 i KiHueBogiacToniyHum po3mipom (KAP) (r=-0,458,
p<0,01), KiHUeBocMCTOTiYHMM po3MipoM (KCP) (r=-0,460, p<0,01), KiHLeBoAiacToNiuHNM 06’emom (KAO) (r=-0,452, p<0,01),
niBuM nepeacepasam (r=-0,487, p<0,01), macoto Miokapaa /1iBoro LwayHo4ka (MMJILW) (r=-0,411, p<0,01), inaekcom MMJILL
(r=-0,419, p<0,01) Ta Mix CTRP 3 i KAP (r=0,469, p<0,01), KOO (r=0,425, p<0,01), yaapHum o6’emom (r=0,407, p<0,05),
BiZJHOCHOIO TOBLUMHO 3aAHbOI CTiHKKM JILL (BT3CJILW) (r=-0,469, p<0,01). Y rpyni 2 BUABAEHO B3aEMO3B'A30K MiXK FABP 4 i
KCP (r=-0,452, p<0,01), KiHLIeBO-CMCTONIYHNM 06'eMoM (r=-0,482, p<0,01), MMJILL (r=-0,424, p<0,01), IMMJILLU (r=-0,464,
p<0,01), dpakuiero Buknay (®B) JILL (r=0,402, p<0,01) Ta mixx CTRP 3 i KAP (r=0,402, p<0,01), KAO (r=0,424, p<0,01),
®B J1LL (r=-0,465, p<0,05).

BucHOBOK. Y rpynax 1 Ta 2 exokapAiorpadiyHi MOKa3HMKN Manuv BiporigHo c1abki 3BOPOTHI KOpensLiliHi 3B'A3KM i3
FABP 4 Ta cnabki npsami B3aemo3B’'asku i3 CTRP 3, okpim BT3CJIL i OB.

KJ1FOYOBI CJIOBA: aannokiHn; exokapaiorpadiyHi nokasHMKK; iHbapKT MioKapaa; LyKpoBui giaberT.
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